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Abstract
Background: Postpartum women are at increased risk for developing depression, which can contribute to the ill
health of the mother and her family. Previous research indicates that mothers who are physically active during
leisure experience lower levels of postpartum depressive symptoms than do inactive mothers. The objective of
this investigation was to examine the associations between total and domain-specific moderate to vigorous
physical activity (MVPA) and depressive symptoms postpartum.
Methods: Data were obtained from 550 women who participated in the Pregnancy, Infection, and Nutrition
(PIN) Postpartum Study, a prospective cohort of mothers who delivered liveborn infants from October 2002 to
December 2005 in North Carolina. Three-month postpartum MVPA was investigated as a predictor of 12-month
postpartum depressive symptoms.
Results: Those who participated in MVPA had two times the odds of developing elevated depressive symptoms
at 12 months postpartum than those with no MVPA (odds ratio [OR] 2.00, 95% confidence interval [CI] 0.71-
6.75). Different associations were suggested when examining domain-specific MVPA. Those participating in
adult and child care and indoor household MVPA at 3 months postpartum had more than double the odds of
developing elevated depressive symptoms at 12 months postpartum (OR 2.66, 95% CI 1.03, 8.11 and OR 2.72,
95% CI 0.96-10.18, respectively). Work MVPA conferred a doubling of the odds (OR 1.95, 95% CI 0.46-7.13), but
recreational and outdoor household MVPA showed no associations with depressive symptoms.
Conclusions: Associations between MVPA and depressive symptoms differed by domain among postpartum
women. Future studies of postpartum depressive symptoms should explore reasons for differences in physical
activity by domain.
Introduction
Depression is a serious mental health condition, affect-ing more than 340 million people worldwide and serving
as the leading cause of disability in high-income countries.1,2
The risk of developing depression is increased for women
during the childbearing years compared to earlier periods.3
There is evidence that postpartum women are more likely to
be depressed or report more symptoms than nonpostpartum
women.4–6 More than 50% of postpartum women report ele-
vated depressive symptoms at some point in the first 12
months after birth, and 6.5% of women are depressed at 12
months postpartum.7
Depressive symptoms typically include sad mood, loss of
interest in activities, feelings of helplessness and hopelessness,
decreased energy, decision-making difficulties, sleep problems,
restlessness, irritability, changes in eating patterns, suicidal
ideations or attempts, and persistent physical symptoms that
do not respond to treatment.8 Depression has serious conse-
quences at any point in life, but when it occurs postpartum, the
disease can negatively impact the mother’s health and the well-
being of her newborn infant and family.9,10 Mothers with
postpartum depression (PPD) tend to provide less adequate
care to their child, exhibit negative parenting behaviors, and
have poorer mother-infant bonding.10–12 Children of depressed
mothers have poorer sleep patterns and are more likely to ex-
perience behavioral and development problems.9–12 Depressed
mothers report poorer partner satisfaction, and if the mother
has depression, there is a 40%–50% risk that the child’s father
will also develop depression.10,13
Several reports in the literature have examined the associ-
ation between physical activity and depression or depressive
Departments of 1Epidemiology, 2Nutrition, and 3Biostatistics, Gillings School of Global Public Health, The University of North Carolina at
Chapel Hill, North Carolina.
4Carolina Population Center and 5Department of Psychiatry, The University of North Carolina at Chapel Hill, North Carolina.
JOURNAL OF WOMEN’S HEALTH
Volume 20, Number 7, 2011
ª Mary Ann Liebert, Inc.
DOI: 10.1089/jwh.2010.2091
1025
symptoms in nonpregnant populations, most finding that
physical activity is associated with better mental health.14
Research investigating the association in postpartum women
is more limited. Most previous studies of this population have
been exercise intervention trials that have been limited by the
small sample size and representativeness,15–21 and observa-
tional studies have examined either walking or recreational
physical activity only and have not focused on other types or
domains of physical activity.22–24 Overall, results indicate that
physical activity promotes lower depressive symptoms. The
objective of this investigation was to determine the associa-
tion between total and domain-specific moderate to vigorous
physical activity (MVPA) and depressive symptoms in a
prospective cohort of postpartum women. Given previous
research, we hypothesized recreational MVPA would be as-
sociated with lower levels of depressive symptoms. In con-
trast, we hypothesized that work, adult and child care, and
household MVPA would be associated with increased odds of
developing elevated depressive symptoms.
Materials and Methods
Participants
This investigation used data from the Pregnancy, Infection,
and Nutrition (PIN) Postpartum Study, a prospective cohort of
postpartum women originally enrolled during pregnancy in the
third phase of the PIN Study. Eligible women delivered live-
born infants between October 2002 and December 2005 and
lived in the study’s catchment area. Of the 2006 expectant
mothers recruited in the prenatal study, 1169 women were eli-
gible, 938 were invited to participate, and 688 (73.3%) agreed to
participate and had data for the 3-month home interview.
Reasons for attrition included moving out of the area, request-
ing no further contact, not delivering at the University of North
Carolina Hospitals, and loss of pregnancy.25 More detailed in-
formation on the PIN Study methods and attrition from the
prenatal to the postpartum study is available elsewhere.25
Procedures
Women eligible for the PIN Postpartum Study who agreed
to be contacted after-delivery were phoned for recruitment
purposes, and written consent was obtained from those who
participated in the 3-month home interview. At the 3-month
home interview, women were asked about infant health and
feeding, tobacco and drug use, psychosocial measures, so-
ciodemographics, occupation, and physical activity; anthro-
pometrics were measured. Women were interviewed again at
12 months postpartum and asked questions similar to those in
the 3-month interview. The Institutional Review Board of the
University of North Carolina at Chapel Hill School of Medi-
cine reviewed and approved the study protocols.
Physical activity assessment
Women were asked to recall physical activity performed
during the past week at the 3-month home interview, using a
structured instrument with documented validity and reli-
ability.26 Assessments included occupational (e.g., carrying
objects at work), recreational (e.g., swimming, dancing), child
and adult care (e.g., playing with children, pushing a stroller
or wheelchair), and indoor and outdoor household activity
(e.g., scrubbing floors, gardening). Frequency, duration, and
intensity of each activity type were determined. For each type
of activity, women were first asked if they participated in
activity that caused at least some increase in breathing and
heart rate. If so, women were asked to list all the domain-
specific activities they performed. Subsequently, they were
asked to report the number of sessions, average duration per
session, and perceived intensity level of each activity type.
Perceived intensity was assessed based on the Borg scale:
fairly light, somewhat hard, and hard or very hard.27 Self-
reported activities that were somewhat hard corresponded to
moderate activity, and hard or very hard activities corre-
sponded to vigorous activity.28
Physical activity for this analysis was characterized in two
ways: hours/week and metabolic equivalent (MET)-hours/
week, based on perceived and absolute intensity, respec-
tively. Hours/week was calculated by multiplying the
number of times a participant reported an activity by the
number of hours she reported, focusing only on activities
reported as somewhat hard or hard or very hard. Hours/
week of activity was then aggregated by intensity and
domain. We also created an aggregate, nonelective MVPA
variable that combined the MVPA of all nonrecreational
activities (e.g., work, adult and child care, indoor household,
outdoor household). MET-hours/week was calculated by
multiplying the number of times the participant reported the
activity by the number of hours it was reported and then
multiplying by the compendium-established MET value for
the activity.29,30 The standards for adults aged 20–39 years
were used: MET values of 4.8–7.1 were classified as moder-
ate intensity, and values of 7.2 + were classified as vigorous
activity.28 Documentation of the MET values and categories
assigned to activities in our study is available elsewhere.31
The MET-hour values were summed across activity type to
establish total physical activity in MET-hours/week. MVPA
in MET-hours/week was calculated for any activity that
required at least 4.8 METs. The exposures of interest for
this analysis were total and all domain-specific MVPA of
perceived intensity and total MVPA of absolute intensity at
3 months postpartum.
Depression assessment
The Edinburgh Postnatal Depression Scale (EPDS) was
used to assess postpartum depressive symptoms.32 The EPDS
is a 10-item PPD screening questionnaire that assesses mood
during the past week using 4-point response categories. A
composite score was calculated by summing across items,
some of which required reverse-coding. A threshold score of
12 has been shown to indicate depression of various severities
and persons needing further assessment.32 Therefore, a score
of ‡ 13 was considered as having elevated depressive symp-
toms. Depressive symptoms at 12 months postpartum was the
outcome variable, and symptoms at 3 months postpartum
was included as a covariate.
Covariates
Factors found to be associated with both physical activity
and depressive symptoms in previous research and factors
adjusted for in previous analyses of the association between
physical activity and depression were considered potential
confounders.22,24,33–45 This included sociodemographic mea-
sures, such as maternal age, race, marital status, years of ed-
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ucation, employment status, and poverty status at the 3-
month interview. A cutoff point of 185% below the poverty
line was used, as it is the Special Supplemental Nutrition
Program for Women, Infants, and Children (WIC) income
guideline cutoff point.46 Health indicators included parity at
the 3-month interview, smoking since birth, and current body
mass index (BMI) based on height and weight measured at the
3-month interview categorized using National Heart, Lung,
and Blood Institute (NHLBI) guidelines.47 Three-month in-
terview responses for any breastfeeding practice, sleep qual-
ity, and partner support were also investigated as potential
confounders. Partner support was assessed with a single item
about the amount of emotional support the woman receives
from the man acting as the child’s father.
Data analysis
Analyses were performed using version 9.1 of SAS statistical
software (SAS Institute Inc, Cary, NC) and STATA 11 (Stata-
Corp, College Station, TX). Univariate analysis was conducted
to describe sample characteristics of potential covariates and
physical activity. A factor was considered a confounder if it
was associated with both physical activity at the 3-month in-
terview and depressive symptoms at the 12-month interview
(using chi-square analysis) and changed the estimate of the
association by ‡ 10% in the modeling stage using backwards
deletion.48 Fisher’s exact test p values were reported for chi-
square analysis when available. It was determined a priori that
depressive symptoms at 3 months postpartum would be in-
cluded as a covariate in all models, as previous history of de-
pression is a major risk factor for PPD11 and is expected to be
associated with previous activity.49 Confounding assessment
was done separately for each physical activity domain.
Exact logistic regression modeling with the Monte Carlo
option was used to calculate odds ratios (ORs) and 95% confi-
dence intervals (CIs). Regression models were calculated using
528 women who had complete data for exposures, outcome,
and covariates (22 of the 550 women participating at 12 months
postpartum were missing covariate data). MVPA, total and
domain-specific, was dichotomously coded (none, any) for
analysis. Heckman modeling50,51 was used to determine if there
was selection bias in our final model sample compared to the
women eligible for the PIN Postpartum Study. After consid-
ering pregnancy sociodemographics and depressive symp-
toms as potential selection factors, marital status and
depressive symptoms at 24–29 weeks’ gestation were de-
termined to be selection factors, measures that predict
selection into the final sample. As some women were miss-
ing data on depressive symptoms during pregnancy, the
Heckman modeling used 470 uncensored observations. Be-
cause of lack of precision of the MET-hours/week analysis,
domain-specific MVPA in absolute intensity is not reported.
Results
Sample characteristics
Of the 550 mothers participating in the PIN Postpartum
Study at 12 months postpartum, only 35 (6%) reported having
elevated depressive symptoms. EPDS scores ranged from 0 to
23, and the median score was 4. Among these women, the
majority (79%) were white, 13% were black, and 9% were of
another race. Almost two thirds (63%) of the participants were
at least 30 years of age, 13% were < 25 years of age; the majority
of the women were college educated (63% attended college)
and married (85%). A low proportion of women (24%) had
incomes that met the WIC eligibility criteria. Nearly half the
women participating had just given birth to their first child
(48%), and the majority were breastfeeding at 3 months post-
partum (68%). Differences in these variables and the other po-
tential confounders by depressive symptoms status are shown
in Table 1. Those with high depressive symptoms were more
likely to be younger, black or other race, unmarried, less edu-
cated, of lower income, and smokers. These women were also
more likely to have fair or poor sleep quality, have less partner
support, and not breastfeed at 3 months postpartum.
Almost one third (32%) of the mothers did not participate in
any MVPA at 3 months postpartum. The median of total
MVPA in hours/week was 1.3 (with an interquartile range
[IQR] of 0–4.25). There were few differences in physical ac-
tivity levels by depressive symptoms. The median for total
MVPA for women with low depressive symptoms was 1.3
(0–4) hours/week; for those with elevated depressive symp-
toms, the median was 1.6 (0–7.3). The median value for all
domain-specific values of MVPA was 0 for both groups.
Women with elevated depressive symptoms spent a lower
proportion of their total MVPA in the recreational domain
(36% vs. 54%, p = 0.04) and a somewhat greater proportion
in the adult and child care domain (31% vs. 19%, p = 0.09)
than women with low levels of depressive symptoms. The
mean proportion of total MVPA hours spent in each domain
by depressive symptoms status is shown in Figure 1. Results
of chi-square analysis of dichotomous MVPA by depressive
symptoms status are presented in Table 2.
Physical activity associations
with depressive symptoms
Results from crude and adjusted regression models of the
associations between MVPA, measured in hours/week, at 3
months postpartum and depressive symptoms at 12 months
postpartum are presented in Table 3. In general, similar as-
sociations were found with the crude and adjusted models.
There was a tendency toward increased odds of having ele-
vated depressive symptoms with participation in work, adult
and child care, and indoor household MVPA. Women par-
ticipating in work MVPA had two times the odds of having
elevated depressive symptoms. For care and indoor house-
hold MVPA, the adjusted ORs (95% CIs) were 2.66 (1.03-8.11)
and 2.72 (0.96-10.18), respectively. There was no relationship
between either recreational or outdoor household MVPA
with depressive symptoms at 12 months postpartum. Al-
though the adjusted model for total MVPA suggested a
stronger association than the crude model, both failed to reach
statistical significance. We also examined the role of aggre-
gate, nonelective MVPA (all nonrecreational activities) in
hours/week and found that women with any participation at
3 months postpartum had more than two times the odds
of having elevated depressive symptoms at 12 months post-
partum (OR 2.61, 95% CI 1.12-6.11). When examining the
association between total MVPA in absolute intensity (MET-
hours/week) and depressive symptoms, null results were
found when adjusted for depressive symptoms at 3 months
postpartum, maternal age, and partner social support (OR
1.01, 95% CI 0.38-2.65).
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The domain-specific MVPA final adjusted models in Table
3 were recalculated, adjusting additionally for MVPA in all
the other domains. For example, the model for work MVPA
was adjusted for a variable that subtracted the work MVPA
from the total MVPA. The conclusions did not change after
adjusting for other physical activity domains.
Assessment of selection bias
Heckman regression models are shown in Table 3. Once
potential selection bias was taken into account, most of the
estimates regressed to the null. The estimates for recreational
MVPA and outdoor household MVPA became slightly
Table 1. Characteristics of Women Enrolled in Postpartum Phase of Pregnancy, Infection,
and Nutrition Study with Data from 12-Month Home Interview
by Depressive Symptoms Status (n = 550)
EPDSa
Total < 13 (n = 515) ‡ 13 (n = 35)
n (%) n (%) n (%) Chi-square (p value)
Age at 3-month interview (years) 28.91 ( < 0.0001)
£ 24 72 (13) 58 (11) 14 (40)
25–29 132 (24) 121 (24) 11 (31)
30–34 195 (35) 188 (37) 7 (20)
35 + 151 (27) 148 (29) 3 (9)
Race 17.20 (0.0002)
White 433 (79) 415 (81) 18 (51)
Black 69 (13) 58 (11) 11 (31)
Other 48 (9) 42 (8) 6 (17)
Marital status at 3-month interviewb 22.49 ( < 0.0001)
Married 467 (85) 447 (87) 20 (57)
Unmarried 83 (15) 68 (13) 15 (43)
Education at 3-month interview (years) 24.94 ( < 0.0001)
£ 12 202 (37) 197 (38) 5 (14)
13–16 266 (48) 251 (49) 15 (43)
17 + 82 (15) 67 (13) 15 (43)
Working at 3-month interviewb 0.002 (1.0000)
Yes 265 (48) 248 (48) 17 (49)
No 285 (52) 267 (52) 18 (51)
Income at 3-month interview (% of poverty line)b,c 11.10 (0.0025)
£ 185 133 (24) 117 (23) 16 (52)
> 185 413 (76) 396 (77) 17 (48)
Parity at 3-month interview 0.62 (0.7325)
1 265 (48) 248 (48) 17 (49)
2 198 (36) 184 (36) 14 (40)
3 + 87 (16) 83 (16) 4 (11)
Body mass index at 3-month interview (kg/m2)d 5.68 (0.1280)
< 18.5 3 (1) 3 (1) 0 (0)
18.5–24.9 267 (49) 253 (49) 14 (40)
25–29.9 149 (27) 142 (28) 7 (20)
30 + 130 (24) 116 (23) 14 (40)
Breastfeeding at 3-month interview 9.21 (0.0100)
Still breastfeeding 372 (68) 356 (69) 16 (46)
Stopped breastfeeding 137 (25) 121 (24) 16 (46)
Never breastfed 41 (7) 38 (7) 3 (9)
Smoking at 3-month interviewb 18.48 (0.0003)
Yes 48 (9) 38 (7) 10 (29)
No 502 (91) 477 (93) 25 (71)
Sleep quality at 3-month interviewb 21.22 ( < 0.0001)
Fair/Poor 235 (43) 207 (40) 28 (80)
Good/Excellent 315 (57) 308 (60) 7 (20)
Partner support at 3-month interviewe 18.65 ( < 0.0001)
A lot 373 (70) 361 (72) 12 (38)
Some 130 (24) 115 (23) 15 (47)
Not much/None 29 (5) 24 (5) 5 (16)
Depressive symptoms at 3-month interviewb 111.75 ( < 0.0001)
EPDS < 13 515 (94) 497 (97) 18 (51)
EPDS ‡ 13 35 (6) 18 (4) 17 (49)
aScore on Edinburgh Postnatal Depression Scale (EPDS) < 13 vs. ‡ 13.
bFisher’s exact test p value reported.
cMissing data on 4 women.
dMissing data on 1 woman.
eMissing data on 18 women.
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stronger, but the rest became weaker. The estimates for adult
and child care MVPA and indoor household MVPA changed
most as a result of considering the selection factors of marital
status and depressive symptoms at 24–29 weeks’ gestation;
both OR estimates were nearly halved. The estimate for work
MVPA was slightly weaker and became significant (OR 1.73,
95% CI 1.01-2.97).
Discussion
In this prospective study of mothers followed through 12
months postpartum, we found that the association between
MVPA and postpartum depressive symptoms varied ac-
cording to the domain/type of physical activity. There was
some evidence of increased odds of having elevated depres-
sive symptoms as a result of participation in any MVPA.
Women who participated in adult and child care, indoor
household, and work MVPA at 3 months postpartum were
more likely to have elevated depressive symptoms at 12
months postpartum. There was no association between rec-
reational and outdoor household MVPA and depressive
symptoms.
Our results differ from previously published research in
that recreational MVPA, or any other domain of MVPA, was
Table 2. Frequencies and Chi-Square Statistics (with Fisher’s Exact p Values) of 3-Month
Postpartum Moderate to Vigorous Physical Activity by 12-Month Postpartum Depressive
Symptoms Status Among Women Enrolled in Postpartum Phase of Pregnancy, Infection,
and Nutrition Study (n = 550)
EPDSa
Total < 13 (n = 609) ‡ 13 (n = 43)
n (%) n (%) n (%) Chi-square (p value)
Total MVPA 0.65 (0.7122)
None 176 (32) 166 (32) 10 (29)
Any 374 (68) 349 (68) 25 (71)
Work MVPA 3.54 (0.0809)
None 492 (89) 464 (90) 28 (80)
Any 58 (11) 51 (10) 7 (20)
Recreational MVPA 0.08 (0.8619)
None 286 (52) 267 (52) 19 (54)
Any 264 (48) 248 (48) 16 (46)
Adult and child care MVPA 4.17 (0.0466)
None 410 (75) 389 (76) 21 (60)
Any 140 (25) 126 (24) 14 (40)
Indoor household MVPA 8.34 (0.0069)
None 447 (81) 425 (83) 22 (63)
Any 103 (19) 90 (17) 13 (37)
Outdoor household MVPA 0.04 (1.0000)
None 514 (93) 481 (93) 33 (94)
Any 36 (7) 34 (7) 2 (6)
aScore on EPDS < 13 vs. ‡ 13.
MVPA, moderate to vigorous physical activity; EPDS, Edinburgh Postnatal Depression Scale.
FIG. 1. The mean propor-
tions of total moderate to
vigorous physical activity in
hours/week at 3 months
postpartum spent in each
domain by 12-month Edin-
burgh Postnatal Depression
Scale (EPDS) symptoms
status (low, EPDS < 13; high,
‡ 13) among women enrolled
in the postpartum phase of
the Pregnancy, Infection, and
Nutrition Study (n = 550).
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not associated with a decrease in the odds of depressive
symptoms. Nine of the ten previous studies of physical ac-
tivity and depressive symptoms in postpartum women found
that physical activity participation improves depressive
symptoms.15–18,20–24 Seven of these ten studies were inter-
vention trials.15–21 Though most of the studies examined the
effects of physical activity on depression over time, one study
examined the acute impact of physical activity on depressive
symptoms.18 Interventions were varied, including walking
with a stroller, regular supervised exercise sessions, and
home-based exercise training and support. Both intervention
and observational studies focused on walking or recreational
activity and did not address differences by physical activity
domain. Two of the nonintervention studies were cohorts of
pregnant women who were followed into postpartum. Her-
ring et al.23 found that women with PPD walked significantly
less than women without antenatal depression or PPD. Haas
et al.24 found that women who were inactive postdelivery
were 1.62 times more likely to have elevated depressive
symptoms in comparison to women participating in > 2
hours/week of activity. Craike et al.22 found a significant in-
verse association between leisure time MVPA and depressive
symptoms in a prospective cohort of Australian women with
infants aged 3–19 months. Daley et al.19 reported the only
study to find no effect of an exercise trial on depressive
symptoms, but the authors state that the study was not
powered to determine such an effect.
Few studies have addressed the association between
physical activity domain and depression. We found no stud-
ies using postpartum women that have done so, but there has
been some research among nonpregnant women. McKercher
et al.52 compared the association between physical activity
and depression among young men and women and found
that leisure activity was associated with decreased prevalence
of major depression, and work activity was associated with
increased prevalence among women. No associations were
found among men. Teychenne et al.53 investigated how the
association between physical activity and depressive symp-
toms differed by domain among 1501 Australian women.
They found that women participating in > 3.5 hours of leisure
time physical activity per week had lower odds of depressive
symptoms but no significant association in any other domain
(work, transportation, or domestic). These studies demon-
strate that domain can influence physical activity-depression
associations.
To date, there has been little explanation as to why the
association between physical activity and depression may
differ by domain. It has been suggested that it may be due to
adverse, unfavorable, or unhealthy conditions in which the
activity typically is performed.54 For example, those with high
levels of work activity may be conducting a great deal of
strenuous activity over long hours on the job, and those per-
forming household activities may be performing repetitive
tasks.54,55 The benefits of physical activity may be countered
Table 3. Odds Ratios and 95% Confidence Intervals from Exact Logistic Regression
and Heckman Analysis of Association Between Total and Domain-Specific Physical
Activity (Hours/Week) at 3 Months Postpartum and Depressive Symptoms at 12 Months
Postpartum Among Women Enrolled in Pregnancy, Infection, and Nutrition Postpartum Study (n = 528)
Crude model Final adjusted model Heckman selection modela
n OR 95% CI OR 95% CI OR 95% CI
Total MVPA (hours/week)b
None 168 1.00 – 1.00 – 1.00 –
Any 360 1.15 0.50-2.89 2.00 0.71-6.75 1.39 0.86-2.28
Work MVPA (hours/week)c
None 476 1.00 – 1.00 – 1.00 –
Any 52 1.87 0.52-5.47 1.95 0.46-7.13 1.73 1.01-2.97
Recreational MVPA (hours/week)d
None 272 1.00 – 1.00 – 1.00 –
Any 256 0.76 0.33-1.67 1.19 0.44-3.14 1.39 0.89-2.17
Adult and child care MVPA (hours/week)e
None 392 1.00 – 1.00 – 1.00 –
Any 136 2.18 0.94-5.64 2.66 1.03-8.11 1.42 0.91-2.22
Indoor household MVPA (hours/week)f
None 430 1.00 – 1.00 – 1.00 –
Any 98 2.18 0.89-5.77 2.72 0.96-10.18 1.36 0.86-8.04
Outdoor household MVPA (hours/week)g
None 494 1.00 – 1.00 – 1.00 –
Any 34 1.01 0.11-4.57 0.91 0.08-4.66 0.89 0.32-2.45
aHeckman selection model includes data on 470 total observations due to missing data on pregnancy depressive symptoms.
bAdjusted for depressive symptoms at 3 months postpartum, smoking, age, partner support.
cAdjusted for depressive symptoms at 3 months postpartum, marital status, sleep quality.
dAdjusted for depressive symptoms at 3 months postpartum, age, partner support, sleep quality.
eAdjusted for depressive symptoms at 3 months postpartum, sleep quality.
fAdjusted for depressive symptoms at 3 months postpartum, sleep quality.
gAdjusted for depressive symptoms at 3 months postpartum, smoking.
CI, confidence interval; OR, odds ratio.
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by these adverse conditions. Another possible explanation is
that different types of activity may serve as stressors or bur-
dens that may contribute to the development of depressive
symptoms. We suspect that performing involuntary physical
activity (i.e., to perform housework or as part of a job) may be
stressful, therefore contributing toward elevated depressive
symptoms rather than alleviating them. Individuals who
perform these involuntary activities may also have different
profiles than those who do not. For example, women active in
transport may not be able to afford a vehicle, and those taking
care of adults may have other financial burdens.55 These
women may have different life circumstances, personal
characteristics, and stressors that may cause depressive
symptoms than those who do not perform these activities.
There is evidence that specific activity domains may be
stressful or burdensome, which may explain why we saw
such large increases in odds of depressive symptoms related
to adult and child care and indoor household MVPA and
overall nonelective MVPA. Performing housework and being
a housewife have both been identified as risk factors for de-
pression56,57; performing housework has been found to be
associated with increased perceived stress.58 A study of
postpartum women found that women who took care of
handicapped or ill relatives were four times more likely to
have major depressive symptoms.59 A study of Swedish
adults found that although the number of hours spent doing
domestic work was not associated with anxiety or depression,
participation in burdensome domestic work was associated
with significantly increased odds of anxiety/depression.60
Our study’s findings of increased odds of having elevated
depressive symptoms with indoor household, adult and child
care, and nonelective MVPA is supported by these other
studies.
We also considered that change in MVPA could be asso-
ciated with depressive symptoms. Mothers with elevated
depressive symptoms at 12 months postpartum had higher
MVPA levels at 3 months postpartum. It is possible that wo-
men with elevated depressive symptoms are more likely to
experience declines in MVPA over the postpartum period,
whereas mothers with low depressive symptoms experience
stable or increasing MVPA levels. A decline in MVPA may be
associated with an increase in depressive symptoms. Un-
fortunately, we do not present these estimates because of poor
precision.
Limitations and strengths
The results of this study must be considered within the
context of its limitations. First, a diagnosis of depression can
only be make through clinical assessment. The EPDS is a self-
report scale that assesses depressed mood and symptoms.
However, performing clinical assessments on participants in
population studies is costly and timely; therefore, depression
screening tools frequently are used. The EPDS has been found
to have satisfactory sensitivity and specificity and positive
predictive value.7,32 The EPDS was designed with the purpose
of identifying women who are depressed after childbirth and
is a widely used screening tool for PPD.7,32,61
Physical activity measurement also relied on a self-report
tool, which can create recall issues. However, as the assess-
ment asked about the past week, problems with recall may
be limited. The questionnaire asked women to consider the
frequency, duration, and intensity of all forms of physical
activity by domain, which may contribute to better recall. Self-
report methods are frequently used to assess physical activity
and have been determined to be an acceptable method to
assess physical activity with a number of advantages.62 The
physical activity questionnaire showed evidence of concur-
rent validity when compared to a structured diary and ac-
celerometry and test-retest reliability.26 Another concern is
that physical activity was assessed only during the past week;
physical activity behavior can change from week to week, and
the reported values may not be representative of usual be-
havior. This may be an important consideration for the early
postpartum when women are likely developing new daily
routines.
Precision was of concern in this study. The reporting of
elevated depressive symptoms at 12 months postpartum was
low in this sample (6%). Many women also reported no total
or domain-specific MVPA, and the variation in levels of
MVPA was low. This resulted in wide confidence intervals for
the regression analysis.
There may be a concern of selection bias in our sample. The
688 women participating in the PIN Postpartum Study dif-
fered from the 480 eligible, nonparticipating women by being
older, more educated, more affluent, more likely to be mar-
ried, more likely to be white, of lower BMI at 3 months
postpartum, and having lower depressive symptoms during
pregnancy. There were no differences between participating
women and those who were invited to participate in the study
but declined. The rho for selection bias (the correlation be-
tween the error terms of the selection model and the final
adjusted model) of the Heckman model was significant only
for work MVPA; the estimates, once taking into account
marital status and pregnancy depressive symptoms, changed
by up to 63%. Therefore, we presented both the exact logistic
regression and Heckman logistic regression estimates. Most
conclusions made did not differ by model used, but there was
large attenuation of the estimates of adult and child care and
indoor household MVPA. Generalizability of the results may
be an issue. Analysis using data from previous PIN cohorts
also found that less educated, younger, African American,
and parous women and women with higher pregnancy risk
profiles were more likely to be underrepresented in the
study.63,64
Despite these limitations, there are several strengths of this
study. The prospective cohort design of the PIN Postpartum
Study provided us with the opportunity to examine the as-
sociation with physical activity early in the postpartum period
with later depressive symptoms. There was a 9-month gap
between assessments. This is beneficial for an investigation of
depression, as it is a chronic condition and length of exposure
might need to be considerable to have an impact. Data col-
lection was extensive; a variety of factors related to the health
of new mothers was assessed. This enabled us to control for a
number of potential confounders. However, there is still the
possibility of residual confounding. Although we examined
many factors to determine if they confounded the association
between physical activity and depressive symptoms, there are
known (i.e., life events) and unknown factors that were not
examined. Another strength is that both physical activity and
depressive symptoms were assessed using reliable and valid
assessment tools.7,26,32 The physical activity assessment
was comprehensive, collecting data on duration, frequency,
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intensity, and domain. Previous studies of the association
between physical activity and depressive symptoms among
postpartum women have investigated only walking or rec-
reational activity.
Conclusions
Previous work has indicated that recreational physical
activity may be a useful tool for preventing and controlling
depression during the postpartum, but our study does not
support those findings. Our study found no benefit on the
odds of depressive symptoms from recreational MVPA
and found that active postpartum women may actually
have increased odds of being at risk for depression, espe-
cially those who participate in adult and child care and
indoor household MVPA. Multiple studies are needed as-
sessing depressive symptoms at a given time point because
previous studies vary with their assessments and etiology
may differ during different periods. Future studies exam-
ining associations between postpartum physical activity
and depressive symptoms should explore differences by
physical activity domain. There is also a need for investi-
gations of models and mechanisms that could explain why
the physical activity-depression association may differ by
domain.
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